Abstract This study compares pain and tiredness experienced by a student and gynaecological surgeons of varying experience between straight sticks (SS) and single-incision laparoscopic surgery (SILS) in vitro. Data was collected prospectively with randomization of the mode sequence. Participants from two hospitals performed identical exercise of cutting circles using SS and SILS in vitro. Questionnaires (Borg CR10 scale scores) were completed at 0, 30 and 60 min, respectively. Wilcoxon's signed ranked tests were performed on matched pairs of SS and SILS on the number of circles cut and the mistakes between 0-30 and 30-60 min, respectively. There were significant differences between the two groups at 30 min in arm discomfort, hand and finger discomfort, shoulder girdle tiredness, arm tiredness and most significantly in wrist discomfort with a matched median difference of 1.83, confidence interval (CI) 1.00 to 2.67 and P=0.003. At 60 min, the significant differences between the two groups were in shoulder girdle pain, arm discomfort, hand and finger discomfort, neck tiredness, wrist tiredness, and hand and finger tiredness and the most significant was wrist discomfort with a matched median difference of 1.75, CI 0.50 to 3.25 and P= 0.011. SS causes less tiredness and discomfort in an in vitro setting than with SILS.
Introduction
There are increasing numbers of complex operations performed laparoscopically [17] . Laparoscopic surgery reduces hospital stay and time to return to normal activity. However, it is also associated with prolonged operating times compared to open surgery which may challenge the surgeon's mental and physical stamina [8] . Single-incision laparoscopic surgery (SILS) has been advocated for gynaecological and other laparoscopic procedures [17, 20] . There is a direct co-relation between sustained low-level muscular activity and musculoskeletal pain in turn affecting the surgeon's efficiency [16] . Therefore, we have investigated the difference in discomfort, pain and tiredness between SILS and straight stick (SS) in vitro.
Methods
Ten subjects with varying grades of experience participated. This included one medical student, three junior registrars, one senior registrar, two sub-specialty fellows in gynaecological oncology and three consultants ( Table 1) . One of the participants, who was a junior registrar, completed only one of the exercises and was excluded from the analysis.
Each participant performed an identical exercise with both SILS and SS. The first mode performed was determined by the flip of a coin. The exercise consisted of cutting out a piece of gauze between two circles of 5 and 3.5 cm diameter [18] . Templates of the circles were printed with a rubber ink stamp on gauze. Borg CR10 scale was completed prior to commencing the exercise [4] . The circles were excised in an in vitro training set, using a grasper (Endo Grasp™ single use instrument Covidien, MA, USA) and scissors (Endo Shears™ laparoscopic scissors, Covidien, MA, USA) appropriate for SS. The grasper (Autosuture Roticulator™ Endo Dissect, C ov i d i en , MA , U S A ) an d sc i s s o r s ( A u t o s u t ur e Roticulator™ Endo Mini-Shears™ Covidien, MA, USA) used for the SILS had an extension with a curve that could protrude or retract as per surgeon's choice using a circular knob on the handle. The exercises were performed on a bespoke laparoscopic trainer using the in-built single instrument ports for SS and in-built SILS port.
The instruments used were out of date instruments retrieved from the hospital store. Borg CR10 questionnaires were completed at 30 and 60 min. The number of circles cut were numbered, stacked in sequence and sealed in an envelope with the participant's number. Participants returned on a separate day to do the same exercise using the other mode. The participants also filled out questionnaires at the same intervals as for the first exercise mentioned above.
The data collected included the grade, gender, handedness, hospital, exercise and time of day they did the exercise, the number of circles they cut between 0-30 and 30-60 min and the number of mistakes on each circle they cut. A mistake was defined as a cut in the line marking the inner or outer circles. This was done for both SS and SILS.
In the absence of any data in the literature, a power analysis was not possible and the number of subjects selected in each arm was empirical. The Shapiro-Wilk test for normality showed that some variables significantly differed from a normal distribution. Therefore, variables were expressed as medians with interquartile ranges. The Wilcoxon signed rank test was used to compare SS and SILS matching for each subject.
Results
Among the participants, six of nine (66.7 %) were females and three (33.3 %) were males. One out of nine (11.1 %) was left-handed, one (11.1 %) was ambidextrous and seven (77.8 %) were right-handed (Table 1) .
At 30 min, there was no significant difference detected between SS and SILS for 'headaches', 'shoulder girdle pain' and 'general tiredness' (Table 2 ). In addition, at 30 min, there were significantly less 'neck pain', 'arm discomfort', 'wrist discomfort', 'hand and finger discomfort', 'neck tiredness', 'shoulder girdle tiredness', 'arm tiredness', 'wrist tiredness' and 'hand and finger tiredness' in SS compared to SILS (Table 2) .
At 60 min, there was no significant difference detected between SS and SILS for 'headaches', 'neck pain' and 'general tiredness' in SS compared to SILS ( Table 2 ). In addition, at 60 min, there were significantly less 'shoulder girdle pain', 'arm discomfort', 'wrist discomfort', 'hand and finger discomfort', 'neck tiredness', 'shoulder girdle tiredness', 'arm tiredness', 'wrist tiredness' and 'hand and finger tiredness' in SS compared to SILS.
More circles were cut and less mistakes made over the hour-long exercise when using straight stick compared to single incision (Table 3 ). This has been demonstrated at both 30 and 60 min for the number of circles completed but only at the first 30 min for mistakes (Table 3) .
Discussion
The study demonstrates that participants experienced overall less discomfort, pain and tiredness using SS compared to SILS at both 30 and 60 min into the exercise irrespective of their experience with laparoscopy. There were no differences in 'headaches' and 'general tiredness' between SS and SILS. Also, there were no differences in 'shoulder girdle pain' in the first 30 min and no differences in 'neck pain' in the second 30 min (Table 2 ). This in part may be due to low numbers of participants in the study. The participants cut more circles and made fewer mistakes using SS than SILS (Table 3) . However, the design was too small to enable an assessment between doctors of different grades. The limitation with the exercise is that it is performed in an in vitro setting. However, in vitro scoring is known to reflect well in real-life surgery, and there are studies that demonstrate there is good correlation with in vivo practice [12, 14] . It would be interesting to note if there are any differences in the scores as the exercises become more difficult or with more senior groups of participants.
Psychophysical scores have been studied extensively and have been applied implicitly to sports in order to assess physical activity and to optimize training [1] . Borg CR10 scores MoBLS multiples of the baseline score at 0 min after addition of the value 1 to all scores to account for zeros, IQ range interquartile range, NC not calculated as number of non-zero differences less than 4, ns not significant have a maximum value 10 and have been used extensively in surgery [2, 10] . All surgery involves physical as well as mental activity. The port site can pose problems in optimal handling of laparoscopic instruments intra-operatively when the focus is intense. This may result in pain or fatigue owing to sustained muscular contractions, in turn, affecting the surgical ability. The port site contributes significantly to the surgeon's comfort during laparoscopic surgery [12] . The surgeon's experience is thought to influence the type and the time taken for a procedure, although it does not affect postoperative recovery [9] . Endoscopic surgical experience improves with repeated performance of the surgery over a period of time [3, 7, 19] . This study does not assess skills per se, yet experience would influence the psychophysical score. Engelmann et al. showed that breaks during complex laparoscopic surgery reduced psychological stress maintaining efficiency without prolonging operating time [5] . In athletics, Borg CR10 is used to score and plan the methodology of training [15] . This helps to decide the optimal time spent in training as low-level sustained muscular activity results in musculoskeletal pain [16] . Taking these factors into account, it would be possible to have personal scores to modify the ergonomics and understand the time limit for optimal performance, thus prevent future musculoskeletal problems. In laparoscopic surgery, this would help plan the route of surgery aiming to complete it within a personal optimal time frame.
Repetitive intermittent static movements cause muscle fatigue, and this correlates with discomfort scores [11] . A study to predict musculoskeletal discomfort using Borg CR10 scales showed that trunk inclination and handling frequency are the major determinants of musculoskeletal discomfort [13] . Video feedback to the participants may have helped improve the discomfort scores. A systematic review of single-incision laparoscopic colonic surgery gave a cautious conclusion that SILS should be restricted to highly selected group of patients and surgeons [6] . That study concluded that only experienced surgeons should perform SILS surgery, and our data would support this as in in vitro a group of less experienced surgeons had more pain and discomfort using SILS.
Conclusion
Laparoscopic surgery needs a unique skill set. This study demonstrates that surgeon's pain and tiredness scores are better in SS than SILS. There is need for further research to establish whether there are any differences between SS and SILS with more difficult exercises and in in vivo.
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